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solution except for the particles. The substrate with the nickel-particle plate is again rinsed in 
deionized water 1 660 after the second nickel plating treatment. 

Immersion gold is a typical finishing step 1662. The process differs from the 
autocatalytic nickel plating in both its mechanisms and its results. An immersion gold 
5 process actually replaces nickel molecules on the surface of the ae,>ond nickel plate for gold 
molecules, resulting in a thin gold layer. Oromerse MM (Technic, Inc., Cranston, Rl) 
proprietary solution may be used. While the second nickel plating provides a conductive 
pathway and the robust mechanical bonding strength to secure the particles to the substrate, a 
finish layer of dense immersion gold.ensures persistent protection from surface degradation 

10 and excellent electric conductivity over a long period of time. 

The majorbenefit of using an electroless particle co-deposition process to attachhard 
particles to chip bond pads is that particle attachment can occur at the wafer level. This 
means that all the bonds pads of all the hundreds of chips on a wafer can be "bumped" with 
hard particles before the wafer is diced. There is no need for electrical isolation between any 

15 oftiiechips or the respective bond pads because the process is eleotroless. The deposition 
only occurs on the individual bond pads. The process is very efficient as well because only 
thin layers of metal are plated; the^ump" is created by the particles topped in the metal. 
This is in contrast to the significant amount of time it takes to build up a metal bump by a 
standard electroless metal deposition process- 

20 

EXPERIMENTAL OBSERVATIONS 

1. General 

Extensive experiments verifying the feasibility of the prestmt method for component 
attachment have been conducted at NanoPierce Technologies in Colorado Springs. Colorado 

25 and NanoPierce Card Technologies, GmbH in Munich, Germany. The experiments covering . 
the validation. f^lliacntimpmnesa-can be categorized into three groups, namely: a) particle 
placement on wafer, substrates, or antenna structure; a) bonding tests using various non- 
conductive adhesives; and c) characteristics and reliability testing for bonded components 
using the methods disclosed in this invention. 

30 2. Description of materials and process used in validation test 

2.1 Chip 

For the development of a die bonding process for a smart inlay application, a special 
test chip has been developed. This chip has the same dimensions and bond pad positions like 
the most common chip for smart inlay.applications named "I-Cod*," which has been 

40 
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developed by Philips. Ibis test chip is configured for only measurement purposes and 
contains two 4-point-Kelvin structures for contact resistance measurement and an additional 
daisy-chain structure for further qualification. 
2.2 Substrate 

5 The test substrates selected for the chip attachment test were similar to those 

commonly used in smart card and smart inlay applications. Both rigid board and flex circuit 
substrates were chosen. The test substrates include rigid board with copper trades, rigid 
board with NI/Au plated copper tracks, flex circuit with copper nurtures, and flex circuit 
with aluminum structures. 
10 2.3 Adbesives 

In order to achieve the greatest reliability, screen tests utilizing various adhesives on 
. different aubstratca were performed. The following specific criteria for the selection of the 
adhesives was determined in order to search for an adhesive With highest bonding reliability 
and greatest electrical performance. The criteria include: 
15 • fast curing at a low temperature; 

* low moisture absorption; 
- relatively high shrinkage during curing; 

V a compatible thermal expansion coefficient with the clip and substrate; and 
. enough hardness upon cure that movement between the chip and substrate is 
20 prevented; 

The adhesives considered in the screen tests include cyanoacrylAte adhesives, epoxy- 
based adhesives, TJV light curing acrylate-based adhesives, and light activated epoxyW 

adhesives. 

3. Particle Placement Process 
25 Two particle placement methods have been indicated in tins invention, namely a 

modified electrolytic plating method and a modified dectroless method. For the chips used 
m metost,"me two-ate^ 

09/883,012 entitled "Electroless Process for the Preparation of Paticle-Enhanced Bleetric 
Contact Surfaces,'* filed 15 June 2001 was used. The detailed procedure for the particle 
30 placement is as the fallowing. 

The wafer was cleaned by alkaline solution at 135«F for 3 minuntes, followed by 
etching in 50% nitric acid. The wafer was then zinoated in a Fidelity 31 16 (Fidelity 
Chemical, Newark, NJ) solutionfor 20 seconds. The wafer was ;l gam etched inS0% nitric 
acid, followed by a second Ration (often referring as double zication) in the Fidelity 3 116 

41 
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solution for another 10 seconds. After the double Ration, the wafer was immersed into a 
Fideuty 9002 (Newark, r^ P ^ The nickel-plating 

solution contained 6 to 12 micron sized diamond particles (GE Supcrabrasive, Worthington, 
OH) at a solid concentration of 0.5%. After the particles were plated on the wafer, the wafer 
5 wa S activatedbyaFideb>9025(Ne^ Another layer 

of nickel was then plated by Fidelity 9002 (Newark, NJ) proprietary nickel solution, followed 
by an immersion gold finishprocess. A representative particle-enhanced wafer bond pad is 

shown in Figure 17. 

4. Chip bonding process 

10 Chips were bonded to the different substrate materials to determine the bonding force 

for the reliability test The chip was taken manually out of the gel pack and placed face down 
onto a presentation substrate for the die bonder. From this presentation substrate the die 
bonder picks the chip with a programmable force and delay time. With a beam splitter optic, 
the chip was aligned to the substrate by hand. The adhesive was di spensed manually by a pin 

15 transfer. Then me chip was bonded to me target substrate whh deW bond fom^ 

pressure time. The die bonder used in the test could heat the bond tool up to 300«C Forms 

. final curing of the adhesive, the folly assembled test boards were placed in an oven for the 

required time at 150°C. 

During the die bonding process a certain force had to be applied so mat the particles 

20 ontheparuele^anoedsmface^ 

site By pressing the chip onto the rigid test substrate with differ* it forces, the mmmuun 
bond force was detenmned when all of the 10 bond pads had a contact to the substrate. By 
adding an additional force for safety reasons the optimal bond fore* for the rigid teat substrate 
waa set at 250 grams. By calculating the bond force per bond pad, assuming that the relative. 

25 contact force ia uniform over all pads, the large pads have a bonding force of approximately 
50 grams and the smalkrpa.ds of approximately 20 grams. This ^relatively low m 
comparison to anisotropic adhesive bonding and to The stud bumping process, which for 
similar sized bond pads required bonding forces of about 100 grams for the largepads and 50 

grams for the small pads. 
30 At the flex substrate with the aluminum tracks the bond force could be lowered to 100 

gram without a significant increase of the contact resistance. At a bonding force of 50 gram 
an increase of the contact resistance was visible. Further test are being performed on this 
effect. 

For the tested adhesive* the following bond parameters have been used: 

42 
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Process 


Adhesive 




Threebond22l7H 


Threebond 227 IB 


EPO-TEC 353 ND 


Pick 


16 gr^Oms, 150°C 


16 gr, 50 ms, 150°C 


16 gr, 50 nts,130°C 


Dispens 


Manual pin transfer 


Manual pin transfer 


Manual pin transfer 


Place 


250gr, 10 s, 150*C 


250gr, 15 s, 150°C 


270 gr, 15-20 s,130*C 


Cure of adhesive ' 


150°C, 5 min in oven 


lSO^C^hinoven 


150°C, 5 min in oven 




Process 


Adhesive 




Threebond 22X-330 


Threebond J372C 




Pick 


16 gr, 50 ms, 150°C 


16 gr, 50 ins, 150°C 




Dispens 


Manxial pin transfer 


Manual pin transfer 




Place 


250gr, 10 s, 150°C 


250gr, 10 s, 150°C 




Cure of adhesive 


150°C, 10 min in oven 


150°C, 1 h in oven 





After curing the adhesive a shear test was executed at the half of the samples to 
5 determine the shear strength of each combination. The other half of the samples was stressed 
at temperature cycles and then a shear test executed. The tests brought the following results: 



Typo of adhesive 


Rigid board 


Flex circuit ' 


Cyanoacrylate (3 types) 


Didn't meet the requirements 
due to a large mismatch at the 
thermal expansion coefficient 
and a low operation 
temperature limit 


Didn't meet the requirements 
.due to a large mismatch at the 
thermal expansion coefficient 
and a low operation 
temperature limit 


Epaxy based adhesive (4 types) 
cured by increased temperature 


Good results at shear strength, 
but require a relative high curing 
temperature and long bonding 
and curing time 


Good results at shear strength 
but require a relative high curing 
temperature and long bonding 
and curing time 


UV light curing acrylate based 
adhesive 


Gould not be cured on rigid 
board because UV light doesrfi 
pass the substrate nor the chip 


Relatively good bonding 
performance, but not fully cured 
at areas with the conductive 
tracks (shadow) 


light activated epoxy based 
adhesive 


No curing because of chemical 
inhibition of the adhesive caused 
bv rifcid board 


Excellent bonding performance 
and very fast curing 



5. 



Tests 
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AJ1 the samples were subject to optical inspection before being electrically tested. An 
Agilent 34420A oano-voltmeter was used to measure the contact resistance. Among the test 
samples, particle-enhanced chips were bonded to Hie Wo rigid substrates using three epoxy- 
based adhesives respectively. For comparison, additional dies with out particle-enhancement 
were also assembled to the rigid substrate with Ni/Au finish using either ao anisotropic 
conducting adhesive, an isotropic conducting adhesive, or a solder bond. After measurement 
of the initial contact resistance, the samples were stressed by tempjratwe cycling. The 
samples were measured again every 100 temperature cycles. The major parameters in the 
temperature cycles are shown in the graph below. 



Temp. 



10Q"C 



_30tnin 




Time 



15 



20 



The measurement of the contact resistance brought the foUowing results: 
1) The particle-enhanced contacts could penetrate copper oxidsa easily. 



2) 



3) 



The 'contact resistance between the chip and the rigid board with the copper 
tracks is lower than at the Ni/Au plated boards. The average resistance is 
approximately 1 0 mOhms for the copper track contacts and 20 mOhms for the 
Ni/Au finished boards. 

The contact resistance remained constant over moi e than 400 temperature 
cycles, which indicates good reliability for the test sample made using the 
method disclosed in this invention. The test is still ongoing. 
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4) Although there were small differences between tht* contact resistances for the 
contacts made using various adhesives, the contacts made by non-conductive 
adhesive with particle-enhanced surfaces are on the same level with untreated 
surface boding by anisotropic adhesive and solder connections. 
5 5) Isotropic conductive adhesive, as used in the comparative samples, is not 

usable at chips with bond pad pitches of 200 microns or less. 

CONCLUSION 

The method and products provided in accordance with the present invention have a 

10 number of advantages over the prior art. First, only a low bonding force is needed during and 
after the chip or chip module is bonded to a substrate or antenna ttructurc, since the sharp, 
pointed, hard particles can easily penetrate the conductive contact surface. This low residual 
stress on the chip or chip module compared to the high stress incurred in conventional chip 
attachment methods, such as conductive adhesive bonding, allowii thinner chips or chip 

1 5 modules to be used to make smaller, more flexible, mobile KFJD devices, such as smart cards 
and smart inlay devices. 

Second, to the cost of manufacturing the cards and labels is significantly reduced by 
the elimination of manufacturing steps and the use of less expensive materials.. Because high 
temperatures arc not employed in connecting components— as in soldering or wire bonding— 

20 a simple, inexpensive substrate material can be employed, for example, polyvinyl chloride, 
polyethyleneterepbthalat C^BT/PETP"), glycol-modifiedPET O'BT-G")* ac^lonitrile- 
butadiene-styreixe copolymer ("ABS"), polystyrol ("PS 1 *), polypropiyne C^PP"). cellulose or 
paper and bknds, laminates, or co-extruded combinations of theso materials. These materials 
can also be printed easily. No special handling or curing steps ar<> required. 

2 5 Third, if the chip bond pads are particle-enhanced, it is possible to make a design 

; arrangement so that th* placement nf the chip is not very critical. In contrast, when 
conductive adhesives are employed, the printing of the adhesive on the chip must be very 
precise, because the chips are small* With the present invention, Jiimpler, less expensive 
manufacturing equipment that caube used and operated at higher speeds. In addition, 

30 manufacturing of the card or label is simplified in that non-conductive adhesives can be 

applied rather indiscriminately without concern for the viability of the electrical connection 
between the components being bonded. The advantage is more significant for small 
components and pitch distance attachments. When compared to isotropic conductive 
adhesive, the? printing or dispensing of no*- conductive adhesive i*J much simpler, as there is 
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